Preoperative investigations, when used to screen for disease not clinically evident, have been shown to be unnecessary. The aim of this study was to rationalize the ordering of preoperative investigations by introducing guidelines and screening all investigations ordered at a new Day of Surgery Admissions clinic. Two hundred and one elective general and ear, nose and throat (ENT) patients attending this clinic at Sir Charles Gairdner Hospital from July to September 1997 were included in a prospective study group. These were compared to a retrospective control group of 168 elective general and ENT surgical patients who had been admitted for surgery during May to July 1996.
Preoperative investigations, when used indiscriminately as screening tests, have been shown to be unnecessary and economically wasteful and cause delays to the operating room schedule 1 . They have also been shown to incur risk to the patient with the pursuit of false positive results and may result in medicolegal risk to the doctor 1 . Various authors have advocated that the quality of patient care is improved when preoperative investigations are ordered on the basis of the history and examination [1] [2] [3] [4] [5] [6] .
Despite these recommendations, the practice of indiscriminate test ordering continues. The reasons that have been proposed for its continued occurrence are presented in Table 1 . Techniques aimed at altering such beliefs and behaviours in order to reduce preoperative investigation ordering have been trialled in the past with variable success 11 .
A new Day of Surgery Admissions (DOSA) clinic was established at Sir Charles Gairdner Hospital in July 1997. This represented a major shift in the surgical admission practice of this hospital. Preoperative assessment and investigations previously occurred during the patient's hospital admission and were performed exclusively by the surgical team. The DOSA clinic approach assessed patients well before admission for scheduled surgery and involved a much greater input from anaesthetic staff in the 1. Surgeons order tests that they believe will satisfy the anaesthetist 1 . 2. Habit of junior surgical staff and the tendency of the habit to pass from one generation to the next 3,7 . 3. The belief of junior staff that their consultants want them done 3 . 4. Fear of criticism of junior staff by their consultants 3 . 5. The belief that the history and examination are relatively insensitive and that diagnostic tests are the most valid way of making a diagnosis 3,8 . 6. Fear of medical litigation 1,7,8 . 7 . Obtaining a baseline that may be useful in decision making during and after surgery 5 . 8. Ease of performance and ready availability 9 . 9. Hospital policy 9 . 10. Hospital profit 9 . 11. Costs of investigations are not borne by the patient. Rather, they are paid for by the government or health insurer 10 . preoperative workup. The new DOSA clinic protocol introduced investigation ordering guidelines and included anaesthetic registrar review of all tests. The aim of the current study was to assess the impact on ordering of preoperative investigations by the introduction of the DOSA clinic intervention.
MATERIALS AND METHODS
The prospective study group was composed of 201 patients who were schedules for general or ear, nose and throat (ENT) surgery who attended the DOSA clinic between July and September 1997 inclusive. Patients were referred to the clinic from the hospital's surgical outpatient department. They were reviewed in the DOSA clinic up to two weeks prior to their surgery. Some elective surgical patients bypassed the clinic for a variety of reasons. These included missed appointments and patients rescheduled to fill vacant positions in operating lists. These patients were not included in the study. Patients who attended the clinic initially completed a medical questionnaire. The surgical resident followed by the anaesthetic registrar and clinic nursing staff then clinically assessed them. An anaesthetic consultant was available to discuss particular cases. Patients were admitted to hospital on the day of surgery.
The surgical resident was responsible for arranging all of the preoperative investigations. Guidelines for ordering the investigations (Appendix 1) and a Maximum Surgical Blood Ordering Schedule were circulated to all surgical residents and anaesthetic registrars with an accompanying letter requesting they be used in the clinic. A copy was available in all consulting rooms at the DOSA clinic. The guidelines used were modified from those described by Roizen 12 to suit local practice. These were agreed upon by Anaesthesia Department consensus.
Prior to the patient having any of the investigations done, the anaesthetic registrar reviewed all the investigations ordered. Clinically unnecessary investigations (such as coagulation profile tests on ASA 1 cases) were cancelled. Additional investigations considered important were ordered. It was not a requirement that the guidelines be strictly adhered to. The anaesthetic registrars were instructed that they may use their clinical judgement in addition to the guidelines for test ordering. Surgical residents and anaesthetic registrars at the DOSA clinic were able to consult easily. Thus there was an opportunity for feedback and education.
A retrospective control group was collected from the operating theatre register. Two hundred patients who had elective general or ENT surgery, where there was an anaesthetist in attendance, from May through July 1996 were collected. This three-month period was selected as it represented a group of similarly experienced anaesthetic registrars and surgical residents to the prospective group. Data from 168 patients were included in this study. Thirty-two patients were not included due to patient records being unavailable. Patients in this group were admitted to hospital usually the day prior to or on the day of surgery. Patients who underwent relatively minor procedures were admitted and discharged on the same day. The ordering of preoperative investigations in the retrospective group was entirely the responsibility of the surgical team. Preoperative test ordering and preparing the patient for theatre was done during the period after hospital admission and before the scheduled surgery, which was a period of no more than two days in all cases.
Patients in both groups had their name, hospital unit number, age, sex, American Society of Anesthesiologists (ASA) classification, the type of procedure and the investigations done recorded on a data collection sheet. The prospective group data was collected by DOSA clinic anaesthetic registrars. Data for the retrospective groups was derived from the medical record by the investigator. The ASA status of retrospective group patients was as classified by the anaesthetist performing the preoperative assessment. Surgical procedures in each group were graded on a four-point scale of surgical complexity by the investigator. This scale was devised for the purposes of this study. The most minor procedures were assigned Grade 1 ranging to the most major procedures which were given a Grade 4 (Appendix 2).
Data was analysed using several statistical tests. A Student's t test was used to determine any differences in the age distribution between groups. Chi-squared analysis was used for the rest of the data to assess statistically significant differences between retrospective and prospective groups. A P<0.05 was considered significant.
Average costs per patient for preoperative investigations in each group were calculated using the Australian Commonwealth Medicare Reimbursement Schedule, November 1, 1997.
RESULTS
There were no significant differences between retrospective and prospective groups with respect to demographic data, subspecialty type, degree of surgical complexity, or ASA status.
Forty-three per cent and 39% were males in the retrospective and prospective groups respectively (χ 2 1 =0.47, P=0.49). There was no difference in the mean age between the retrospective group (50±18 [SD] years) and the prospective group (48±17[SD] years); t 367 =1.37, P=0.17).
There were similar proportions of patients in both groups that had general surgical procedures (75.6% in the retrospective group and 71.1% in the prospective group; χ 2 1 =0.71, P=0.40). The percentages of patients for degrees of surgical complexity for each group are presented in Table 2 . There was no significant difference between groups with respect to the spread of patients across each category (χ 2 3 =0.30, P=0.96).
The distribution of ASA classifications for each group is represented in Table 3 . Note there were no ASA 4 or 5 patients in either group. The distribution across the grades was not significantly different (χ 2 2 =1.82, P=0.40).
There was a marked reduction in the overall rate of test ordering in the prospective DOSA group. The total number of tests ordered in the retrospective group was 553 (3.29 tests per patient) and in the prospective group was 416 (2.07 tests per patient). This represented a 37% reduction in the number of tests per case in the prospective group compared with the retrospective group. There were significant reductions in the numbers of investigations ordered for most investigation types with the introduction of guidelines and the screening of requests. Significant reductions of electrocardiograms, chest X-rays, liver function tests, urea and electrolytes, full blood counts and coagulation profiles ordered occurred after the study intervention.
All of these tests in the retrospective group involved at least 30% of patients.
Data was also analysed with respect to ASA grades (Table 4 ). It was noted that there were fewer investigations which showed significant differences between the retrospective and prospective groups for ASA 3 patients. However, there were still significant reductions in the ordering of some investigations between the two time periods (coagulation profile and liver function tests). ASA 1 and 2 patients were associated with significant reductions in most of the investigation categories. There were no statistical differences in the ordering practice between retrospective and prospective groups for blood grouping and antibody screening, blood glucose levels and ventilatory function testing (see Table 5 ). Each investigation involved 22% or 483 
REDUCTION OF PREOPERATIVE INVESTIGATIONS
Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 
DISCUSSION
This study showed that it is possible to reduce the amount of preoperative investigations ordered by using guidelines in addition to an administrative review, namely by the anaesthetic registrar. The result was to decrease indiscriminate ordering patterns. Most changes were seen in the ASA 1 and 2 groups, with decreases in some categories (coagulation profile and liver function tests) in the ASA 3 patients. These findings were consistent with other reports in the literature 13 . In the current study, a reduction of 38% for costs of preoperative investigations was achieved. While the actual savings per patient are relatively small, if the aggregate costs are considered, the savings are substantial. In 1997 at Sir Charles Gairdner Hospital, 2265 elective ENT and general surgical patients underwent elective surgery with an anaesthetist in attendance. This represents a potential saving of approximately $57,600 per annum if our average saving from this study is applied ($25.44 per patient).
This study was to demonstrate statistically significant changes with an adequate sample size. However, some sources of potential bias must be acknowledged. Subject attrition in the retrospective group may have been systematic. However, this was unlikely, as the main cause for absent records was administrative. The use of historical controls may have been a source of bias due to changes in clinical practice over time, however the period concerned between the two groups was only 15 months. Possible differences in the level of experience of the surgical residents in the two groups may have also influenced ordering patterns. Different methods of data collection were used for each group. There may have been errors of omission in the prospective group if investigations were ordered after the patient's attendance at the DOSA clinic. In addition, the DOSA clinic anaesthetic registrars may not have recorded all investigations ordered. Ideally, future studies could collect data prospectively using similar data collection techniques for each group.
This study contributes to the Australian literature on preanaesthetic clinics. Preanaesthetic clinics are well established in Australia 14, 15 . They enable the many disciplines involved in perioperative care to adopt a co-ordinated team approach. An advantage of such an approach is seen in the current study where more rational ordering of preoperative investigations was facilitated. To date, the Australian literature has been concerned primarily with describing models and the operation of such services 14, 15 . The publications have revealed variations in clinic operation including modes of referral, triaging systems, staff structure, patient assessment modes, time seen prior to surgery and method of ordering preoperative investigations. There are few papers examining the effectiveness of specific interventions such as ours. This information may be valuable in the establishment of clinics and in ongoing quality improvement processes in other institutions.
The findings of this study are consistent with others in the international literature. The Anesthetic Preoperative Evaluation Clinic (APEC) at Standford University Hospital in 1994 managed to decrease the number of investigations ordered by 55% and reduce costs by 59% (or $112.09 per patient) 16 . A protocolbased ordering technique was used. All preoperative laboratory tests were reviewed by the APEC and any unnecessary tests were cancelled. Starsnic and co-workers reduced preoperative testing by 29% and saved $29.89 per patient 17 . Anaesthesiologists used a protocol to order preoperative investigations in place of the previous system with surgeons using clinical judgement. Furthermore, neither study found any increase in operating room cancellations or delays.
By establishing an outpatient assessment clinic, Boothe and Finegan managed to decrease the cost of preoperative investigations in laparoscopic cholecystectomy patients by $26 per patient 18 any increase in cancellations when they applied a protocol for ordering electrocardiograms and chest X-rays. They managed to decrease the number of electrocardiograms and chest X-rays done by 25% and 30% respectively 2 . These figures compare with the present study of 27% and 39%. As has been shown in the current study, significant economic savings can be achieved. It has been estimated that up to 60% of all preoperative investigations could be eliminated without affecting patient care in the U.S.A. Thirty billion dollars were spent on preoperative investigations in 1984 in the U.S.A. Thus 12 to 18 billion dollars could have been saved if only appropriate tests were ordered 1 .
Laboratory investigations have a relatively low yield when asymptomatic patients who have no positive physical signs are screened. Only 0.22% of such patients in Kaplan and co-authors' study 7 , and 1% in Golub's study had abnormalities 19 . In both these studies the abnormalities detected on screening investigations did not alter perioperative management.
Not only are there low yields from screening tests but when abnormal results are found, they tend to be largely ignored by medical staff 1 . In one survey only 5% to 30% of abnormal investigations were recorded or commented on in the medical notes 1 . The potential result is medicolegal action. Litigation more often eventuates as the result of the failure of pursuing abnormal results rather than diagnosing asymptomatic disease 1 . Therefore, ordering preoperative investigations only as indicated may reduce possible medicolegal liability.
Another advantage of reducing the ordering of preoperative tests includes the reduction of pursuing false positive results. Additional costs are incurred due to further investigations and physician consultations 1 . Random testing may also pose added risk to the patient. Roizen retrospectively examined the adverse effects of patients having chest X-rays. In the group of 606 patients reviewed, three lung shadows were investigated by invasive techniques. One patient had an open lung biopsy without any abnormality being detected and another patient suffered a pneumothorax 1 .
From the above discussion it can be seen that minimizing preoperative investigations to only those that are indicated would be desirable. In order to achieve this goal it would be necessary to alter the behaviour of those who order the tests. The present study showed it is possible to alter the behaviour of doctors by a combined approach of education and administrative barriers. The approach has been used in the past, for example, in the ordering of chest X-rays. Guidelines were provided and specific indications were a prerequisite for requesting this investigation. Those that were considered inappropriate were cancelled. Each intervention resulted in a marked reduction in numbers of chest X-rays ordered 20 .
Educational interventions have been used with varying success 11 . Some have demonstrated a sustained effect while others have had little impact or have only been successful for a short period. An intensive course involving chart review with a senior colleague run by Martin et al in Boston proved to be very cost effective. The cost of the educational course was much less than the savings made 21 . Tierney and co-workers showed only a short period of altered behaviour when physicians were informed of the costs of tests. Initially there was a small but significant reduction in test ordering, however, the effect diminished over time. Control and study groups were equally poor at estimating the costs of individual laboratory tests 22 . Providing past results to physicians has been suggested as a way of reducing preoperative investigations 23 . This has been trialled in medical outpatient settings but again, only a short period of reduced ordering behaviour was found 12 .
Patient questionnaires used to indicate appropriate investigations by way of protocol-based ordering have shown up to 30% of unnecessary investigations were ordered. Twenty-two per cent of investigations were missed that should have been ordered 1 . Errors of omission and commission also occurred when anaesthetists or surgeons were asked to request investigations based on the history and examination 1 . However both methods at least partially avoid some of the problems of indiscriminate preoperative screening.
In conclusion, the clinic intervention was associated with a reduction in preoperative tests ordered. Future research into this area may include a broader based surgical population in order to determine total reductions for the elective surgical population. Also, it would be appropriate to determine if the results obtained in this study are sustainable over time. Other areas that need further examination include patient outcome, delays and cancellations in the operating theatre and how interventions such as ours may impact upon these.
The benefits of such activities in reducing costs could directly advantage those implementing them, namely the relevant anaesthesia department. In similar preadmission clinics, a proportion of the savings from preoperative investigations are reimbursed to the anaesthesia department 16 , thus providing further incentive to only ordering those investigations that are clinically indicated.
*Implies test may be indicated: Obviously not all diseases can be covered by this table. Please use your own judgement for investigating patients with uncommon disease states using the patient history and examination as a guide. If in doubt contact anaesthetist involved.
Notes on Specific Tests and Abnormal Results
Xmatch: Please use the Maximum Blood Order Schedule (anaesthetist can always advise blood bank later of higher requirements) Coags: Should only be ordered on the basis of a specific history of severe hepatic disease, abnormal bleeding and anticoagulant use (this may include SC heparin if a regional technique is planned) *Some leukaemias and lymphomas may be associated with abnormalities of clotting. BSL:
Please be guided by urinalysis as well as history and avoid random samples in known diabetics. A fasting BSL is more appropriate. Try to book insulin dependent patients first on a morning list if possible. ECG: Please be guided by presence of cardiovascular risk factors obtained on history. The ECG is a useful baseline test. In patients with a known history of cardiovascular disease there is a high incidence of 487 
REDUCTION OF PREOPERATIVE INVESTIGATIONS
